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The proteins of normal mammalian urine are
thought to be mainly plasma proteins that have been
filtered at the glomerulus and subsequently escaped
tubular reabsorption. In human urine, over 20 indi-
vidual plasma proteins have been identified [1-4].
Indeed, some proteins have first been identified in
urine and then were proven to be of plasma origin
[5]. Identification of these urinary proteins has been
accomplished with increasing accuracy paralleling
the refinement of analytic methods. In rats, there is
evidence that some proteins are identical to plasma
globulins and albumin and that others are derived
from the genitourinary tract [6-8]. The magnitude of
proteinuria is greater in the male than it is in the
female rat [9, 10], and at least one specific sex-de-
pendent protein is present in the male [11—15]. Pro-
teinuria in the male rat is also age dependent [16—
18], one factor being the increased synthesis and ex-
cretion of a male sex-dependent protein at puberty
[19].
Urinary protein can be divided arbitrarily into
two main groups according to size. One group con-
tains albumin and high molecular weight plasma
globulins. The other group consists of low-molecu-
lar-weight proteins (LMW) (mol wt < albumin,
69,000 daltons). This latter group constitutes the
major fraction of urinary protein in the rat [ii, 20,
21]. Their low concentrations in plasma and gb-
merular filtrate, however, has hindered an accurate
description of the factors operating in their excre-
tion. The kidney is thought to be a major site of ca-
tabolism for these proteins [22—26], and hence tubu-
lar malfunction results in elevated excretion. A
possible tubular secretory mechanism for some
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LMW proteins has also been suggested [27, 28].
We have examined total urinary protein and the
fractional contribution of LMW proteins in four
strains of male rats common to our laboratory,
Brown Norway, Wistar-Kyoto, Okamoto-Aoki
Wistar, and Wistar-Rockland. In the latter strain,
we have examined the rates of filtration and reab-
sorption of endogenous LMW proteins isolated
from their urine. Isolated fractions were labeled and
infused intravenously into rats prepared for micro-
puncture of surface proximal tubules. Clearance ra-
tios, sieving coefficients, and fractional excretion of
the isolated protein fractions were measured and
calculated. This permited an assessment of the rela-
tive contribution of filtration and reabsorption to
the final excretion of these LMW protein fractions.
Methods
Preparation of urinary LMW fractions. Groups of
10 male rats were housed in large metabolic cages
overnight for the collection of urine. The four
strains investigated were obtained from the follow-
ing sources: Brown-Norway rats (BNR), Micro-
biological Associates, Bethesda, Maryland; Wistar
(W), Rockland Farms, Gilbertsville, Pennsylvania;
spontaneously hypertensive rats of the Okamoto-
Aoki Wistar strain (SHR) and their normotensive
control strain, Wistar-Kyoto (WKY), Laboratory
Supply Co., Indianapolis, Indiana. Urine and
plasma samples in all strains were tested once or
twice a week before (6 to 8 weeks of age), during (9
to 10 weeks), and after maturation (11 to 17 weeks)
and up to the 65 weeks in WKY. Urine (approxi-
mately 10 liters) was pooled from repeated collec-
tions, filtered through Whatman paper (no. 2), re-
frigerated, and stored with 0.1 mg/100 ml sodium
azide as preservative. Some aliquots were con-
centrated 1000-fold by ultrafiltration with nega-
tive pressure in dialysis tubing (Union Carbide
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Visking or Spectrapor 3). These tubings have mo-
lecular-weight cut-offs of 10,000 and 3500, respec-
tively. Other aliquots were similarly concentrated
with positive pressure ultrafiltration using the Ami-
con systems (UM-2 and UM-05).
Differentiation of proteins contained in these con-
centrated urine samples was by gel filtration with
Sephadex columns (2.5 x 90 cm) and gel G-75. The
protein-containing effluent was monitored with an
LKB UV analyzer (UVicord 11800) and recorder
(6520-8), and the samples were collected with an
LKB fraction collector (model 7000). Samples con-
taining significant peaks were reconcentrated by ul-
trafiltration (Amicon, see above) and refractionated
on Sephadex G-50 columns. Proteins in the result-
ing fractions were identified with gradient gel elec-
trophoresis by comparing the fraction patterns with
that of an original urine electrophoresis.
These fractions were groups of individual pro-
teins as shown by their electrophoretic patterns.
The six fractions have been named according to
their average molecular weight (see Fig. 1 and Table
2). Fraction 1 with proteins greater than mol wt of
60,000 daltons was identified by immunodiffusion
[29] and immune electrophoresis [30]. In an assay
against antirat serum proteins, there were five to
nine lines of identity.
Two micrograms of each protein fraction in 40 jsl
of phosphate buffer (pH, 7.5; 0.1 M) solution were
labeled with 'I with the chloramine-T method just
prior to micropuncture experiments [31, 32]. Identi-
cal amounts of rat IgG (Miles Laboratories, Elk-
hart, Indiana) were labeled by the same procedure.
The 131J was purchased from New England Nuclear
Corp. as carrier-free sodium iodide. The labeling
was sufficient to yield an average activity of 2 mCi
per 2 sg of protein.
Animal experiments. Combined micropuncture
and clearance experiments were performed in a to-
tal of 46 male Wistar rats (Rockland Farms, Gil-
bertsville, Pennsylvania, and S. Ivanovas & Co.,
Kisslegg, Germany) ranging in weight from 200 to
300 g.
Rats were prepared for micropuncture by con-
ventional techniques [33]. Animals were anesthe-
tized with mactin (Promonta) by i.p. injection of 10
mg!lOO g body wt. A venous infusion of isotonic sa-
line (0.02 mllmin x 100 g body wt) maintained body
fluids without expansion of extracellular volume.
This solution contained polyfructosan (4 gIlOO ml of
Laevosan) for determination of GFR and tubular
fluid reabsorption.
The infusion solution also contained up to 2 pg of
1311-proteins (see preparative methods) for each ani-
mal. In other experiments, polyvinylpyrolidone
(PVP; mol wt, 40000 daltons) labeled with 1251
(Amersham/Searle) was added, and handling was
similar to '311-proteins. Three clearance periods of
30 to 45 mm's duration were performed per experi-
ment. Tail-blood samples were collected at the be-
ginning and end of each period. Bladder urine was
collected into a weighed vial from a polyethylene
tube (PE-205) inserted in the bladder.
Two to four free-flow samples of proximal tubular
fluid were collected per clearance period. Collec-
tion pipettes (O.D., 8 to 10 s) were made from cap-
illary tubing (Pyrex®, O.D., 0.8 to 1.0 mm) and
cleaned with detergent, distilled water, and ace-
tone. Immediately after collection, the total tubule
fluid sample contained in the collection pipette (10
to 80 nl) was counted for gamma radiation of the
labeled proteins or PVP in a Nuclear Chicago Mod-
el 1185 gamma counter. After counting, the volume
of the sample was measured by transfer of the tu-
bule fluid to a constant diameter (I.D., 63 /L) quartz
tubing pipet, where length of the column was mea-
sured with an eyepiece micrometer. The sample
was placed under water-saturated mineral oil on a
siliconized depression slide, and an aliquot was
taken for polyfructosan analysis.
Analytical methods. Polyfructosan in urine and
plasma was analyzed by the Anthrone method of
FUhr, Kaczmarczyk, and Kruttgen [34], in tubule
fluid by a micromodification of the same method
[35]. Color development in the microsamples was
read in a spectrophotometer (Gilford) adapted for a
3-pi cuvette.
Total protein concentration in bladder urine was
determined by the method of Lowry et al [36] after
trichloracetic acid precipitation. Total plasma pro-
tein was determined by a Biuret method [37].
Differentiation of proteins and quantitative mea-
surement of albumin in l.O-pi samples of uncon-
centrated final urine and diluted plasma (51 x) utiliz-
ed micropolyacrylamide-gel electrophoresis with a
continuous gradient from 4 to 40% [38]. This tech-
nique (GGE) has two advantages: a sensitivity of
10 g and therefore the need to use only very small
amounts of unconcentrated urine, and the fact that
proteins are separated according to their molecular
size by passing through a mesh of polyacrylamide of
continuously increasing density. After electrophor-
esis, gradient gels were treated identically to dis-
continuout gels, as described previously [39].
Protein standards for both electrophoretic meth-
ods were made from appropriate dilutions of rat
serum. Total protein concentration of serum was
determined by the Kjeldahl method [40]. Standard
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Table 1. Composition of un nary proteins in male mature ratsa
Low
Strain
mol wt Albumin Globulins
% total urinary protein
Brown Norway (N 12) 60 13 26
Wistar (N = 12) 63 7 30
Wistar-Kyoto(N = 16) 83 7 11
Spontaneously hypertensive(N=20) 86 6 8
a Values are means SD. N denotes number of rats.
curves demonstrate a linear relationship between
both total protein and albumin concentration and in-
tegrator counts.
Student's t test was used for statistical analysis.
Results
Urinary protein composition. The composition of
urinary protein fractions in male mature rats (week
14) of the four strains is compared in Table 1. Pro-
teins are divided in three main groups: albumin (A);
proteins with higher molecular-weight ("globu-
lins"; G); proteins with smaller molecular weight
(low-molecular-weight proteins; LMW). The low
molecular weight proteins constitute the major frac-
tion of urinary protein in all strains.
The qualititative difference of the protein ex-
creted in the urine of a mature male Wistar (W) rat
as revealed by GGE is shown in Fig. ib; and the
corresponding electrophoresis pattern of rat serum,
in Fig. la. The relative preponderance of proteins
with a molecular weight lower than albumin (albu-
min is denoted by solid black area) in urine is evi-
dent. in serum, only two bands can be detected in
this area. Furthermore, in the electrophoretic pat-
tern of urine there are proteins with higher molecu-
lar weights than albumin (shaded area) but with dif-
ferent relative contributions than in serum.
Differentiation of urinary protein by gel filtration
demonstrates six main fractions in mature male rats
of all strains. Albumin and globulins constitute one
fraction which appears in the void volume. Separa-
tion of this fraction by GGE reveals a typical serum
pattern. Other fractionation peaks contain, in order,
proteins of average molecular weight 45, 35, 23, 12,
and 3.5 x 1O daltons. These protein groups occur
in urine samples at all ages investigated. During ma-
turation and afterwards, the fractional contribution
of these principal protein constituents varies, but
they are always identifiable. The correspondence
between these five fractions and a urinary protein
electrophoretic pattern is shown in Fig. lb for male
Wistar (W) rats.
Renal handling of endogenous urinary proteins.
The relative renal clearances ([(U/Pmacromoiecuies/(U/
P)1] x 100) of macromolecules as a function of mo-
lecular weight are presented in Fig. 2. The open cir-
cles represent endogenous urinary protein frac-
tions. For comparison, we include two inert mole-
cules (1251-PVP with mol wt of 40,000 daltons, lower
solid square; inulin, upper solid square) not subject
to reabsorption or secretion, and therefore the
clearance ratio is an estimate of the sieving coeffi-
cient (SC). All points for the infused protein frac-
tions lie below the dotted line, indicative of tubular
reabsorption. Hence, clearance ratios for these
macromolecules are not an estimate of their respec-
tive sieving coefficients. There is a major drop in
relative clearances at molecular weights greater
than 45,000 daltons. Glomerular sieving coefficients
were calculated from capsular fluid radioactivity for
an infused protein fraction and its plasma radio-
activity at the time of micropuncture (SC, CFIP).
Four of the six protein groups follow a sigmoid
curve as shown in Fig. 3. Fractions in the molecu-
lar-weight range of 12,000 and 45,000 daltons are
displaced from the sigmoid curve, characteristic of
synthetic macromolecules.
0—'
Serum globulins Albumin Low-mol wt
Fig. 1. Gradient gel electrophoresis pattern of rat serum and
urine. Arrow indicates direction of migration.
a Serum
diluted 1:32
mol wt X 10
b Urine
unconcentrated
mol wt 1I >69
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Table 2. Filtration and reabsorption of proteins'
IgG150 x 10
.Albumin
69 x 10
Low mol wt
45 x 10 35 x 10 23 x 10 12 x 10 3.5 x 10—s
daltons daltons daltons daltons daltons do/tons daltons
Seivingcoefficient" 0.00520
(5)
0.00039
(26)
0.50
(1)
0.30
(4)
0.75
(1)
0.42
(2)
1.00
—
CprotejnICin, % 0.0515
(8)
0.0040
(34)
3.58
(7)
4.75
(8)
4.95
(8)
2.46
(16)
344
(19)
Reabsorption, % 90.6
(8)
89.6
(34)
92.9
(7)
84.3
(8)
90.1
(8)
94.3
(16)
96.6
(19)
a Values are the means SD. Numbers in parentheses denote the number of experiments
b The sieving coefficient is the capsular fluid radioactivity for an infused protein fraction and its plasma radioactivity at the time of
micropuncture (CF/P).
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Fig. 2. Fractional clearance of macromolecules as a function of
molecular weight. Vertical lines represent Dashed line con-
nects the value for PVP and inulin.
Mol wt X 103,da/tons
Fig. 3. Glomerular sieving coefficients of endogenous rat protein
fractions as a function of molecular weight.
includes the relative clearance of the proteins tested
([Cprotejn/Cin] x 100). There is no correlation between
the two parameters, because the clearance ratio in-
corporates two variables (filtration and reabsorp-
tion).
From the radioactivity of the labeled protein in
urine and the calculated capsular fluid radioactivity,
the fractional reabsorption for these proteins could
be calculated from the ratio: (UICF)proteinl(UIP)in.
The values are given in the third line of Table 1 and
show a high reabsorption rate (84 to 97%). Thus, the
magnitude of protein reabsorption is great, but the
percent of filtered load excreted can vary by 70%
(3 to 16%).
Fractional reabsorption along the proximal con-
voluted tubule of superficial nephrons was calcu-
lated from micropuncture samples with the relation-
ship for total reabsorption. Figure 4 presents data
for the five LMW fractions and IgG. The ratio (TF/
Table 2 shows the mean values for SC of the five
LMW protein fractions, albumin and IgG. Values
for the SC of albumin are calculated from endoge-
nous concentrations of this protein in plasma and
capsule fluid [39, 41]. The SC of IgG is 12 times
higher than that of albumin, although this molecule
is about twice the size of the latter. Table 2 also
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y = 0.67 + 0.28x
r 0.90
N= 12
Mol wt, 23,000
S.C., 0.75
Mol wt, 3,500
S.C., 1.0 F
. .
• y=O.32+0.17x
r = 0.37
N= 32
3.5 1.0 1.5 2.0 2.5 3.0 3.5
(TF/P)1,10
Fig. 4. Fractional reabsorption of six protein fractions in the proximal convoluted tubules of surface nephrons. S.C. is sieving coefficient.
CF)protein was calculated from tubule fluid radio-
activity, the simultaneous plasma radioactivity and
measured sieving coefficients. These ratios are cor-
related with fluid reabsorption ([TF/P]10) as an index
of proximal tubular site. Regression lines are given
for each series, and reabsorption rates are indicated
by 1 minus the slopes. Although there is consid-
erable scatter, r values for five protein groups are
significant. The polypeptide fraction (mol wt, 3,500
daltons) undergoes the highest reabsorption, possi-
bly greater than fluid, because most (TF/CF)-values
are less than 1. The regression line for this fraction
is not significant.
Protein reabsorption at the end proximal site and
in final urine is compared to fluid reabsorption in
Fig. 5. Curves for the proximal tubular uptake rep-
resent the regression lines in Fig. 4. In addition, the
curve for albumin reabsorption has been drawn
with values derived from an earlier study [39]. The
points for the calculated end-proximal reabsorption
([TFIP]10 x 3) can be compared with points that re-
flect the ratio (U/CF)protein/(U/P)in as a measure of
S
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Fig. 5.Fractional reabsorption of protein in theproxima/convolutedlubuleandfinalurine. Molwt X 10 3.5(U), 12(111]), 23(t), 35(*),
45 (0), 69 (A), ISO (•).
final fractional protein excretion. All curves are be-
low the line of identity, indicating that no net secre-
tion takes place.
Numbers for fractional reabsorption as a function
of the entire nephron have already been shown in
Table 2. In Table 3 they are compared to their prox-
imal tubular uptake. The difference in percent of to-
tal reabsorption is shown in the last column. One to
two-thirds of the filtered protein is reabsorbed by
proximal surface tubules except for the polypeptide
fraction. Again, values for albumin reabsorption are
derived from prior studies [39].
Discussion
Urinary proteins. Urinary proteins in different
strains of rats can be separated into two main
groups: one comprised of high molecular weight
proteins (albumin and globulins) which originate
from plasma by a process involving glomerular fil-
tration and incomplete tubular reabsorption. The
other main fraction of urinary protein is composed
of LMW proteins. The origin of this groups has
been less certain, chiefly because analytic methods
have not been sufficiently sensitive to demonstrate
their presence in plasma or in tubule fluid.
To eliminate the prostate as a possible source of
LMW proteins, Addis et al [42] clamped the base of
the bladder and withdrew the urine of male rats by
puncture through an avascular area. The protein
content found in bladder urine was essentially that
of voided urine. In our own studies, we found that
the LMW-protein patterns in GGE were identical in
ureteral, bladder, and voided urine, an observation
that excludes their origin from the genital tract.
Table 3. Fractional reabsorption of filtered proteins
Mo! wt
xlO-3
End of proximal
convoluted tubuleb
%
Final urine
%
Change
%
3.5 73 (33) 97 (19) 24
12 23 (15) 94 (16) 71
23 50(10) 90(8) 40
35 32 (20) 84 ( 8) 52
45 47 (19) 93 ( 7) 46
69 57 (22) 90 (34) 33
150 20 (15) 91 ( 8) 70
a Numbers in parentheses equal tubule fluid or urine samples
used in determining fractional reabsorption.
b (TF/P)1 = 3.
One approach to the filtration origin of LMW pro-
teins in the urine has been to identify them in the
plasma of nephrectomized animals, where in-
creased plasma levels would be anticipated. Using
this approach, Roy and Neuhaus [7] and Royce [13]
were able to identify proteins in plasma with a-mo-
bility and mol wt's of 18,500 and 26,400 daltons.
The latter was found to originate in the liver [12]
and was designated as the sex-dependent protein
a2u, of the mature male rat. More recent studies of
a2u-globulin indicate a mol wt of 21,000 daltons,
and conclude that it is the major urinary protein of
the adult male rat [43]. This protein was also identi-
fied in urine by Geertzen, van der Ouderan, and
Kassenaar [15] and is probably a component of our
23,000-dalton mol-wt fraction, the largest fraction
of our urinary LMW proteins. Our own findings [44]
show that from 2 to 6 hours after bilateral nephrec-
tomy the concentrations of nine LMW proteins in
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serum increase sufficiently so that they can be de-
tected with microelectrophoretic methods.
Filtration. Immunologic evidence for the pres-
ence in plasma of the individual components of the
urinary LMW fractions is presently lacking. In-
direct proof, however, is derived from three obser-
vations: (1) they do not originate from the gen-
itourinary glands; (2) their plasma concentrations
increase after bilateral nephrectomy; (3) urinary ex-
cretion results from a process of filtration and reab-
sorption after reinjection. Other authors have pro-
vided evidence that a major urinary protein (a2u)
comes from the liver and is excreted by the kidney
[12].
Present analytic techniques [39, 41, 45] are not
capable of detecting less than 10- 10 g of protein in a
capsule fluid sample. Hence, the low plasma levels
of individual LMW proteins would not result in
measurable quantities in a volume of capsular fluid
that is readily obtainable. In addition, the use of
20% acrylamide gels for tubule fluid protein elec-
trophoretic analysis causes substantial loss of
LMW proteins because of their migration velocity
compared to charged molecules of larger size. The
detection in plasma and tubule fluid of reinfused
LMW proteins was made possible by radioactive la-
beling. A maximum of 2 tg of LMW proteins were
infused to prevent an overload of reabsorptive
mechanisms. Maack [26] and Johnson and Maack
[46] were not able to demonstrate transport satura-
tion for two LMW proteins (lysozyme and growth
hormone) in the rat at filtered loads far in excess of
normal and greater than those used in the present
study [26, 46].
A theoretically anticipated curve relating sieving
coefficients and molecular weight (or size) for simi-
larly charged macromolecules was generated by
four of the six protein fractions (Fig. 3). Fractions in
the mol-wt range of 12,000 and 45,000 daltons are
displaced from the curve. Kau and Maack [47]
found an unexpectedly low SC of 0.64 for para-
thormone (mol wt, 9000 daltons) in the isolated per-
fused rat kidney. This is attributed to both molecu-
lar asymmetry and the net charge of the molecule.
Other LMW proteins whose sieving coefficient in
the rat are known include growth hormone (mol wt,
21,000 daltons; SC, 0.67 [46]) and egg lysozyme (mol
wt, 14,000 daltons; SC, 0.80 [25]). Hence, these lat-
ter proteins would lie close to the curve in Fig. 3,
and parathormone would be displaced from it. Not
shown in Fig. 3 is the remarkable fact that the SC of
lgG is 12 times higher than that of albumin (0.0052
vs. 0.00039) although the molecule is twice the size
(150,000 vs. 69,000). Assuming an equal reabsorp-
tion for albumin and IgG [41], this would have been
predicted from the inverse AIG ratios in plasma and
urine (Table 1). This may be partially a reflection of
the considerably different isoelectric points of the
two proteins (albumin, 4.9; IgG, 6.4 to 7.2). Partial
loss of the endothelial layer with its fixed negative
charge in anti-GBM nephritis results in increased
permeability to albumin [48].
In addition to size and charge, molecular configu-
ration is a factor in the filterability of macromole-
cules. Renke, Patel, and Venkatachalam [49] have
demonstrated that the filtration of anionic, neutral,
and cationic horseradish peroxidase is less than that
of dextrans of comparable charge and molecular
radii. This difference in filterability has been attrib-
uted to the greater flexibility of the synthetic mole-
cules [50]. Differences have also been found be-
tween neutral synthetic molecules of similar size.
Dextran, a slightly branched polymer, has a greater
fractional clearance than ficoll, a highly branched
polymer over a molecular-radius range of 24 to 40 A
[51]. The relative contributions of charge, or config-
uration, or both which may lead to the displacement
of the 12,000- and 45,000-dalton mol-wt fractions
from the sieving curve (Fig. 3) are unknown.
Reabsorption. As determined by the method of
labeling, microinfusion, and recovery, the average
nephron reabsorption for endogenous protein frac-
tions of varying molecular weights (Table 3) is 91%.
With the exception of one fraction (mol wt, 35 x
10), all values are 90% or greater. This is consis-
tent with renal conservation of filtered proteins and
polypeptides or their constituent parts independent
of molecular weight in the normal rat, and it con-
firms previous studies utilizing a number of tech-
niques and individual protein species [52].
In the isolated perfused rat kidney, bovine para-
thormone and rat growth hormone are subject to
95% and 98% fractional reabsorption [46, 47]. The
absolute reabsorption of both proteins increases as
filtered load is increased. In particular, for growth
hormone this phenomenon occurs when its per-
fusate concentration is above normal plasma levels,
indicating a high capacity for reabsorption. A simi-
larly high capacity also exists for lysozyme in the
rat [26].
Reabsorption of protein is considered to be a
characteristic of the proximal convoluted tubule
[53-56]. Additional reabsorption in more distal seg-
ments of the nephron, however, has been docu-
mented [41, 54, 57-59] and is evident from the data
in Table 3. The light microscopy studies of Straus
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using horseradish peroxidase as a tracer protein [60]
developed the concept that the reabsorptive pro-
cess is one of endocytosis of protein attached to
brush border membranes followed by fusion of the
separated vesicles with lysosomes. There is sub-
sequently protein hydrolysis and release of amino
acids, or peptides, or both to the cytoplasm. This
concept has been confirmed and refined by electron
microscopy studies [61, 62] and the use of isolated
vesicles exhibiting pinocytosis [63]. Studies with
isolated vesicles indicate that their membranes have
properties not shared with other parts of the brush
border membrane [64], including preferential loca-
tion of negative charges. This latter property may
result in specific binding and subsequent reabsorp-
tion of positively charged proteins. The studies of
Just and Habermann [65] showed that the basic
polypeptide Trasylol with an isoelectric point of
10.5 is strongly bound to brush border fragments.
When the isoelectric point is lowered to 7.0, no
binding occurs.
Low-molecular-weight polypeptides are not sub-
ject to endocytotic reabsorption. Microinjection
studies in the rat [66—68] and in the isolated per-
fused rabbit tubule [69] indicate that there is rapid
hydrolysis of these molecules in the proximal tubule
followed by reabsorption of degradation products
[70]. Studies using microinjections of angiotensin II
and bradykinin into the proximal convoluted tubule
of the rat indicate a high reabsorptive capacity (89%
and 76%, respectively) for these molecules [66, 67].
This has been verified in the rabbit pars recta where
hydrolysis and reabsorption of angiotensin occur
when the perfusate concentration is several thou-
sand times greater than that in plasma [69].
Fig. 6 summarizes the relative filtration and ex-
cretion of the endogenous protein fractions or indi-
vidual proteins examined. The ordinate represents
the sieving coefficient expressed as a percentage of
complete filterability. Despite wide variation in fil-
terability, the magnitude of the excretion is low and
relatively constant. Hence, conservation of filtered
protein and polypeptides and their constituent
amino acids emerges as an important characteristic
of the kidney. In addition, the sieving coefficients of
the LMW fractions, comprising many biologically
active molecules, are sufficiently high so that re-
moval from the plasma by glomerular filtration
serves as an important regulator of their plasma 1ev-
el.
Summary
Low-molecular-weight proteins (LMW; mol wt
<albumin) constitute the major fraction of urinary
Mo wt X da/tons
Fig. 6. Filterability and fractional excretion of rat protein frac-
tions as a function of molecular weight. The shaded and lined
areas represent the mean SD for percent filtered (open circles)
and percent excreted (closed circles), respectively, as a function
of molecular weight. Equations describing these areas are also
included.
proteins in the rat. Using gel filtration technique fol-
lowed by gradient gel electrophoresis, we have
identified the major protein fractions in normal
urine of mature male rats of four strains: Brown
Norway (BN), Wistar (W), Wistar-Kyoto (WK),
and spontaneously hypertensive rats (SHR). In a
sephadex G-75 column, albumin and globulins ap-
pear as one peak followed by five additional frac-
tionation groups, with average mol wt x l0- of 3.5,
12, 23, 35, and 45 daltons. These LMW fractions
were labeled (1311)and injected i.v. (< 2 mg protein)
into rats prepared for micropuncture of surface
proximal tubules and collection of bladder urine.
Rat IgG was similarly labeled and infused. Fraction-
al fluid reabsorption was simultaneously assessed
from inulin values. From specific activity of capsu-
lar fluid and plasma, the sieving coefficients (SC) of
protein fractions were determined, and fractional
reabsorption was calculated from tubular fluid and
urine values. SC varied from 0.30 (mol wt, 35,000
daltons) to 1.0 (mol wt, 3500 daltons) for LMW frac-
tions. Reabsorption of filtered protein was virtually
complete (84 to 97%) at these endogenous plasma
levels. The results are consistent with conservation
of filtered protein and the regulation of LMW
plasma levels by the kidney.
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